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Summary
Objective: To study the contribution of aggrecan VNTR (variable number of tandem repeats) polymorphism to clinically differing manifestations
of hand osteoarthritis (OA).
Design: Five hundred thirty Finnish females representing two academically similar occupations with completely diverse exposure to hand load
were included. Radiographs of hands were analysed, the OA ﬁndings were graded and the subjects were divided into categories. Aggrecan
VNTR alleles were identiﬁed by Southern hybridization. Statistical analyses were used to compare joint involvement and pathological ﬁndings
with the prevalences of the alleles and genotypes.
Results: Subjects homozygous for the most common aggrecan VNTR allele, A27 with 27 repeats, had a signiﬁcantly lower risk of hand OA,
with OR 0.46 (95% CI 0.27e0.78) for OA of grade 2 or more. Our results suggest that carrying two copies of the alleles with less than 27
repeats could predispose a subject to a severe hand OA (OR 2.45, 95% CI 1.17e5.12) and carrying two copies of the alleles with more
than 27 repeats also increases the risk of the disease (OR 1.73, 95% CI 1.03e2.89).
Conclusions: These ﬁndings indicate that allele A27 provides protection from hand OA and that alleles shorter or longer than this may pre-
dispose subjects to the disease. Furthermore, they suggest that a certain number of tandem repeats provide for optimal functioning of the
aggrecan molecule and that the contribution of genetic factors to the development of hand OA may be even more important than that of
environmental factors.
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Cartilage
Repair
SocietyIntroduction
Osteoarthritis (OA), a chronic joint disorder, is a heterogenic
disease characterized by articular cartilage breakdown and
joint destruction. It is one of the major causes of disabilities
in ageing populations1,2. The most common form affects the
hand joints3. The prevalence of the disease is age depen-
dent, with distinct differences between male and female
subjects, hand OA being more common among females4,5.
An imbalance between the synthesis and degradation of ex-
tracellular matrix (ECM) molecules is believed to result in
cartilage destruction, leading to pain, stiffness and struc-
tural changes in the affected joints. In healthy joints the
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forming a network of cross-linked proteoglycan macromole-
cules and collagen ﬁbrils, mainly collagen II2,6,7. The matrix
contains at least 40 non-collagenous proteins, among which
the large aggregating chondroitin sulphate (CS) proteogly-
can (aggrecan) is signiﬁcant because of its high abundance
in cartilage, involvement in the tissue’s ability to resist me-
chanical stress and its variety in cartilage disorders8.
Aggrecan consists of three globular domains (G1eG3)
with a glycosaminoglycan (GAG) attachment region for ker-
atan sulphate and CS side chains9. Together with the glob-
ular domain G1, aggrecan forms large supramolecular
aggregates with a complex carbohydrate, hyaluronan.
Because of their ability to bind extensive amounts of
GAG, aggrecan molecules can occupy a large hydrody-
namic volume, and it is the rise in osmotic pressure and
swelling inside the network of proteoglycans and collagen
ﬁbrils that results from this which empowers the cartilage
to sustain continuous mechanical loads10,11. Because of75
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maintenance of healthy articular cartilage, as it provides
resistance to mechanical compression. The CS attachment
region is encoded by a single large exon containing a
sequence for a variable number of tandem repeats
(VNTR)12e14. Existing in multiple allelic forms that differ by
the number of repeats, it is known to date to have 14 alleles
with repeat numbers ranging from 13 to 33. Each of these
VNTR repeat sequences yields to a 19 amino acid polypep-
tide, providing different numbers of attachment sites for CS
in the mature protein14.
Earlier studies have shown signiﬁcant changes in GAG
synthesis during cartilage degeneration15,16, and changes
in the number and size of the CS chains also seem to be
associated with the onset of OA17. Furthermore, there has
been some discussion as to whether altered GAG binding
capacity or some other change in aggrecan protein function
as a result of VNTR polymorphism could in fact be a signif-
icant component in the cascade of cartilage breakdown. An
association between aggrecan VNTR polymorphism and
hand OA has been reported previously18, and a twin study
in the Australian population provided evidence for this poly-
morphism having a role in OA of the hands, hips and
knees19. In addition, the aggrecan VNTR property has
also been linked with lumbar disc degeneration20. Since
only a few association studies on aggrecan polymorphism
with relatively small sample sizes have been reported to
date, and with somewhat contradictory results, we set out
to study two well-characterized occupational groups in the
Finnish population in order to elucidate further the role of
aggrecan VNTR polymorphism in hand OA.
Methods
STUDY POPULATION
The population consisted of 530 women aged 45e63
years from two occupational groups with comparable aca-
demic backgrounds (dentists, n¼ 288, and teachers,
n¼ 242), as recently described in detail21. The dentists
were chosen as representing an occupation involving con-
tinuous extensive manual work straining particularly the
joints of the hands and ﬁngers, while the teachers represent
an occupational group with a clearly different hand load.
The study was approved by the ethics committee for re-
search into occupational health and safety of the Hospital
District of Helsinki and Uusimaa, and informed consent
was obtained from the subjects.
RADIOGRAPHIC ANALYSIS
Analogue radiographs of both hands were inspected and
analysed by an experienced radiologist who was blinded to
all the other data on the participants, including occupation
and age. The distal interphalangeal, proximal interphalan-
geal, thumb interphalangeal and metacarpophalangeal
joints of both hands were graded individually for the pres-
ence of OA using a modiﬁcation of the Kellgren and Law-
rence system22, according to the following criteria: grade
0¼ no OA (normal ﬁnding); grade 1¼ doubtful OA (ﬁnding
possibly slightly abnormal); grade 2¼mild OA (a single
radiographic sign indicative of OA, slight to moderate lower-
ing of the joint space, sometimes subluxation, minimal
osteophytes, degeneration cysts or slight marginal sclero-
sis, each of the latter signs without a clear narrowing of
the joint space but little if any additional pathology); grade3¼moderate OA (considerable narrowing of the joint space
with additional degenerative pathology as indicated in grade
2, no destruction of the joint); and grade 4¼ severe OA
(joint space destroyed or poorly visible with various
advanced degenerative changes). Intraobserver and inter-
observer agreements using the Cohen’s k coefﬁcient with
quadratic weights were measured for 46 randomly selected
subjects to estimate the reliability of the readings23. All the
radiographs were analysed individually in a second reading
by the same radiologist and also by another experienced ra-
diologist. Intraobserver and interobserver agreements for
OA resulted in k values indicating good reliability21.
DEFINITION OF OA
We classiﬁed all the subjects as either OA cases or as
healthy. Three different deﬁnitions of OA were used. If the
subject had at least two ﬁnger joints with radiographic OA
of grades 2e4, she was classiﬁed as having OA. Symmet-
rical OA was deﬁned as a subcategory of OA: OA in at least
two pairs of joints symmetrically (the same joints affected in
both hands). If the subject had at least one ﬁnger joint with
radiographic OA of grades 3e4, she was classiﬁed as hav-
ing moderately severe OA.
GENOTYPING OF AGGRECAN POLYMORPHISM
The aggrecan (AGC1) gene VNTR region was analysed
by the Southern hybridization method as described in detail
by Doege et al.14. Five micrograms of genomic DNA from
each sample was digested with HaeIII and fractionated on
a 1.2% agarose gel for 20 h at 45 V. A 100 bp DNA Step
Ladder (Promega, Madison, WI, USA) was used as a molec-
ular weight marker on each gel, in addition to a previously
analysed control DNA sample. A probe speciﬁc to the
AGC1 VNTR region was generated by polymerase chain
reaction as previously described14. Labelling was per-
formed with [a-32P] deoxycytidine 50 triphosphate (dCTP)
using the Redprime II DNA Labelling System (Amersham
Biosciences, Buckinghamshire, UK). The fragment sizes
obtained in Southern analysis were analysed to estimate
the number of 57 bp repeats for each sample. Two indepen-
dent readers scored the alleles in a double-blind manner,
and indistinct samples and borderline cases were digested
and hybridized again to obtain an adequate result.
STATISTICAL METHODS
Allele and genotype frequencies were compared between
individuals with and without OA using Fisher’s exact proba-
bility test or the chi-square test. A set of logistic regression
analyses was performed to examine the association
between the aggrecan genotypes (A18eA26, A27 and
A28eA34) and hand OA. The dependent variables were
OA, moderately severe OA and symmetrical OA. The inde-
pendent variable was the aggrecan genotype. Age and
occupation were included in the model as potential con-
founders. A separate analysis was performed for each def-
inition of OA (multiple hypotheses). Crude and adjusted
ORs (adjusted for age and occupation) and their 95% con-
ﬁdence intervals (CI) were calculated, but since these did
not differ signiﬁcantly only the adjusted ORs are shown
here. To reduce the chance of false positive ﬁndings, the
Bonferroni correction was applied and corrections were
made for three tests: 0.05/3¼ 0.01666, which was rounded
to 0.02. The analyses were performed with the Statistical
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Chicago, IL, USA).
Results
RADIOGRAPHIC MEASUREMENTS
Among the 530 subjects who were successfully geno-
typed (dentists, n¼ 288; teachers, n¼ 242), the preva-
lences of the OA grade 2 or more in at least two ﬁnger
joints, symmetrical OA grade 2 or more with at least
two pairs of joints affected and OA grade 3 or more in at
least one ﬁnger joint were 42.6%, 19.9% and 14.7%,
respectively.
VNTR ALLELE FREQUENCY ANALYSIS
Analysis of the aggrecan VNTR polymorphic region
resulted in the identiﬁcation of 14 alleles with numbers 18,
21e30 and 32e34 repeats (alleles A18, A21eA30 and
A32eA34, respectively). Alleles A25eA29 represented
96.3% of the total allele count (n¼ 1060), the three most
common being A27 (38.6%), A28 (30.7%) and A26
(16.8%). The total frequencies of the alleles in both occupa-
tional groups are presented in Table I. There were no statis-
tically signiﬁcant differences in the frequencies of the alleles
or in the carriage rates between the two occupational
groups, and the overall observed genotype frequencies
were in HardyeWeinberg equilibrium. Also, no signiﬁcant
differences in allele frequencies were observed between
the individuals with and without radiographic ﬁndings.
GENOTYPE ANALYSIS
When the VNTR genotype frequencies were analysed in
terms of the different deﬁnitions of OA, the results clearly
indicated that the women who were homozygous for allele
A27 (the A27A27 genotype, n¼ 95) had a reduced risk of
OA relative to non-carriers of the A27 allele (n¼ 216), their
odds ratio (OR) and 95% CI for OA of grade 2 or more in at
Table I
Allele frequencies of aggrecan gene VNTR polymorphism
Alleles All (n¼ 530) Dentists (n¼ 288) Teachers (n¼ 242)
n % n % n %
A18 1 0.1 1 0.2 0 0
A21 6 0.6 2 0.3 4 0.8
A22 8 0.7 5 0.9 3 0.6
A23 2 0.2 2 0.3 0 0
A24 2 0.2 1 0.2 1 0.2
A25 51 4.8 30 5.2 21 4.3
A26 178 16.8 91 15.8 87 18.0
A27 409 38.6 231 40.1 178 36.8
A28 325 30.7 164 28.5 161 33.3
A29 57 5.4 34 5.9 23 4.7
A30 9 0.8 7 1.2 2 0.4
A32 2 0.2 0 0 2 0.4
A33 9 0.8 7 1.2 2 0.4
A34 1 0.1 1 0.2 0 0
A18¼ 18 repeats, 1.5 kb; A21¼ 21 repeats, 1.8 kb; A22¼ 22
repeats, 1.85 kb; A23¼ 23 repeats, 1.9 kb; A24¼ 24 repeats,
1.95 kb; A25¼ 25 repeats, 2.05 kb; A26¼ 26 repeats, 2.10 kb;
A27¼ 27 repeats, 2.15 kb; A28¼ 28 repeats, 2.20 kb; A29¼ 29
repeats, 2.25 kb; A30¼ 30 repeats, 2.3 kb; A32¼ 32 repeats,
2.4 kb; A33¼ 33 repeats, 2.5 kb and A34¼ 34 repeats, 2.6 kb.least two ﬁnger joints being 0.46 (CI 0.27e0.78), that for
symmetrical OA in at least two pairs of joints 0.40 (CI
0.20e0.83) and that for moderately severe OA in at least
one joint 0.42 (CI 0.18e0.96). The corresponding Bonfer-
roni-corrected P-values were 0.012, 0.039, and 0.12,
respectively. OR values and their 95% CI adjusted for age
and occupation are presented in Table II.
Since the number of A27 homozygous subjects with sym-
metrical OA in at least two joint pairs was only 11, we per-
formed the analysis combining mono and polyarticular
cases for symmetrical OA (total 26). The OR for A27 homo-
zygotes was 0.5 (95% 0.29e0.87) with Pcorr¼ 0.04.
As the separate frequencies of the shorter alleles
A18eA25 and the longer alleles A30eA34 were relatively
low (A18eA24 and A30eA34< 1%), these were combined
in the statistical analysis. An elevated risk of moderately
severe OA was observed among the women with two cop-
ies of the shorter alleles (A18eA26, n¼ 50) as compared
with the non-carriers (OR 2.45, 95% CI 1.17e5.12) but
this was not formally signiﬁcant after correction for multiple
testing (Pcorr¼ 0.11). Furthermore, the women carrying two
longer alleles (A28eA34, n¼ 93) had an increased risk of
OA (OR 1.73, 95% CI 1.03e2.89, Pcorr¼ 0.036).
To check the effect of possible misclassiﬁcation of out-
come (classiﬁcation of subjects with radiographic changes
as not having OA) on the results, we repeated the analyses
by comparing the groups with the maximum contrast with
regard to OA status. In our sample 249 subjects did not
have any radiographic changes. The subjects without radio-
graphic changes were compared to (1) those with OA grade
2 or more in at least two joints (n¼ 224), (2) those with mod-
erately severe OA (n¼ 78) and (3) those with symmetrical
OA grade 2 or more with at least two pairs of joint
affected (n¼ 105). The protective effect of being an A27 ho-
mozygote on moderately severe OA and symmetrical OA
became more evident (OR 0.34, 95% CI 0.14e0.81 and
OR 0.35, 95% CI 0.16e0.75, respectively) and remained
statistically signiﬁcant after adjustment for multiple testing
(Pcorr¼ 0.045 and Pcorr¼ 0.039).
In order to test whether the association between the ag-
grecan genotypes and hand OA is due to a confounding ef-
fect of occupation (underlying population stratiﬁcation) we
performed stratiﬁed analyses. The results in both occupa-
tional groups supported the overall ﬁndings.
Discussion
Aggrecan has received a lot of attention, being one of the
major components of the ECM and an essential proteogly-
can for cartilage functionality. A VNTR polymorphism in this
gene has previously been reported to be associated with
cartilage disorders, but the evidence concerning speciﬁc
alleles and their contribution to clinically varying disease
patterns such as hand OA has been weak. This is probably
due to the small number of studies performed and the lim-
ited sample sizes. The aggrecan VNTR allele frequencies
in our series were consistent with those reported previ-
ously, suggesting that these results are comparable and
the subjects do not constitute an essentially divergent pop-
ulation. A comparison of the allele distributions in different
studies (between shorter alleles A18e26, the protective
allele A27 and longer alleles A28e34) is presented in
Fig. 1.
Using a well-characterized population with a relatively
large sample size, we were able to show that homozygosity
for the most common aggrecan allele, that with 27 repeats
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Association between the aggrecan VNTR alleles and radiographic findings
Allele Genotype OA Moderately severe OA Symmetrical OA
Yes/no OR 95%CI Yes/no OR 95%CI Yes/no OR 95%CI
A18eA26 Homozygous 25/25 1.30 0.69e2.42 13/37 2.45* 1.17e5.12 13/37 1.45 0.71e2.96
Heterozygous 60/88 0.93 0.62e1.41 24/124 1.37 0.78e2.40 30/116 1.12 0.68e1.86
Absence 139/193 1.00 41/291 1.00 62/270 1.00
A27 Homozygous 28/67 0.46y 0.27e0.78 8/87 0.42z 0.18e0.96 11/84 0.40x 0.20e0.83
Heterozygous 94/125 0.85 0.57e1.29 32/187 0.82 0.48e1.43 42/176 0.78 0.47e1.25
Absence 102/114 1.00 38/178 1.00 52/163 1.00
A28eA34 Homozygous 47/46 1.73k 1.03e2.89 15/78 1.00 0.51e1.98 23/70 1.57 0.85e2.87
Heterozygous 94/123 1.36 0.91e2.04 28/189 0.82 0.47e1.42 44/172 1.28 0.78e2.12
Absence 83/137 1.00 35/185 1.00 38/181 1.00
OR values and their 95% CI are adjusted for age and occupation. Subjects were deﬁned as having OA if at least two of the ﬁnger joints were
affected by OA of grade 2 or more, moderately severe OA if at least one ﬁnger joint was affected by OA of grade 3 or more, and symmetrical
OA if at least two pairs of joints were symmetrically affected by OA of grade 2 or more. *Pcorr¼ 0.11; yPcorr¼ 0.012; zPcorr¼ 0.12;
xPcorr¼ 0.039; kPcorr¼ 0.036.(A27), protects the subject from hand OA, while the carrying
of two copies of the shorter alleles with less than 27 repeats
seems to predispose the subject to more severe forms of
hand OA, and the carrying of two copies of the longer al-
leles with more than 27 repeats slightly increases the risk
of this condition. These results suggest that carrying two
copies of the allele with a certain number of repeats is im-
portant for the proper functioning of the protein. Since poly-
articular involvement, especially the symmetrical subset of
hand OA, has been reported to be a major disease pat-
tern24,25, it was also reasonable to compare symmetrical
radiographic ﬁndings between the genotypes. The results
again suggested a protective effect of allele A27 against
symmetrical OA, especially among the dentists, further
strengthening the hypothesis of an optimal number of
repeats. The disease prevalence was not reduced among
the subjects who were heterozygous for A27, however,
indicating that only one copy of the protective allele is not
enough to provide complete protection from OA. The num-
bers of genotypes with combinations of one short (A18e26)
and one long allele (A28e34) were too low to show any sta-
tistically signiﬁcant differences.
The VNTR property of aggrecan results in individuals
having aggrecan core proteins of different length. Shorter
repeat sequences lead to a reduced number of GAG sidechains in the molecule, and it is reasonable to think that
this may affect aggrecan hydration capacity and eventually
predispose the cartilage to mechanical shearing and tear-
ing, as previously suggested20. A sufﬁcient number of
osmotically active side chains seem to be essential for
proper cartilage function, and this may provide a possible
explanation for the higher prevalence of severe hand OA
among the individuals with two copies of the shorter alleles.
Although our results suggest a minor predisposing effect of
a larger core protein that is encoded by two different alleles
with more than 27 repeats, it is not clear why this should
induce cartilage degradation. The risk of OA in subjects
who are homozygotes or compound heterozygotes for
two short or two long alleles may be proportional to either
the very low or very high number of the repeats in these
alleles. However, the possibility that the polymorphisms
do not directly affect individual susceptibility for hand OA,
but are in linkage disequilibrium with an unknown nearby
susceptibility locus cannot be ruled out. Since the preva-
lence of these subjects is low, a more extensive population
would be needed to provide further evidence for this
assumption.
In contrast to the present ﬁndings, previous reports of
aggrecan VNTR have suggested that allele A27 predis-
poses the subject to OA18,19. The reasons for such0
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Fig. 1. Distribution of the aggrecan VNTR polymorphic alleles in different studies. (1) Random population (USA) n¼ 188 (Doege et al.14); (2)
women (Japan) n¼ 128, lumbar disc degeneration (Kawaguchi et al.20); (3) men (USA) n¼ 186, hand and knee OA (Horton et al.18); (4) twins
(Australia) n¼ 268, hand, hip and knee OA (Kirk et al.19); (5) men (Finland) n¼ 266, lumbar disc degeneration (Solovieva et al., unpublished
results); (6) women (Finland) n¼ 1060, hand OA (this study).
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populations. In general, a sufﬁcient number of study sub-
jects are important in order to obtain an adequate distribu-
tion for alleles, and corrections for multiple testing with the
appropriate P-value limits for signiﬁcance need to be taken
into account in order to avoid false positive results. Com-
pared to the earlier studies (Fig. 1), the nearly ﬁve times
larger sample size makes the present work more convinc-
ing, but it still would beneﬁt from replication in an additional
sample and from functional studies to provide more deﬁn-
itive answers.
Environmental factors, and especially occupationally re-
lated ones, are considered to be important for the aetiology
of OA26,27. In the present study, women representing com-
pletely different occupations as regards use of the hands,
showed no signiﬁcant differences in the occupation-speciﬁc
risk of OA. This ﬁnding suggests that at least in hand OA,
genetic characteristics are more important than environ-
mental factors.
In conclusion, our ﬁndings lend further support to the
notion of a role for the aggrecan VNTR polymorphism in
cartilage disorders, suggesting that an allele of 27 repeats
(A27) provides protection from hand OA and that alleles
shorter and longer than this may predispose subjects to
the disease. In addition, they also indicate that, the con-
tribution of genetic factors in the development of hand
OA may be more important than that of environmental
factors.
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